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INTRODUCTION
One of the main current days challenges is the climate change, which arises from the intensification of global warming. Greenhouse gas emissions from anthropogenic activities, such as the energy production of fossil fuels, are negatively impacting in climate changes worldwide. The search and insertion of renewable fuel sources, considering large-scale productions, is a strong opportunity for increase the potential of alternative sustainable energies such as biomass.
Considering the energetic global matrix, big amount of renewable energy sources come from biomass, which contributes to a significant demand of renewable and natural resources. According to the International Energy Agency (2017) , it is estimated that about 10% of the world energy supply comes from biomass and derivatives.
The energy produced through biomass conversion can be achieve using diverse process parameters in different technologies. In addition, the evolution and expansion of industries which can integrate those systems, processes and products are growing and optimizing their management.
In Brazil, biomass energy sources are typically available and reliable from forest plantations, both renewable and natural can be used in several productive segments, such as paper and pulp industry, wood panel, and siderurgy. There are 7.8 million hectares of planted forests, 14% are designed to produce charcoal that feeds national siderurgy sector (Ibá, 2016) . Brazil is also responsible for 14.9% of the world charcoal production, and it is the biggest producer in this category (Fao, 2013) .
In most of the Brazilian industries of charcoal, the most common thermochemical transformation of wood is a slow pyrolysis process. It works as a pre-step of carbon concentration regarding high energetic density. Moreover, industries are still employing low-tech level techniques, which generates low energetic efficiency considering the whole process. In the pyrolysis process of wood, it is assumed that 50% of the energy output is concentrated in the charcoal and the other half, in the sub-products, which are not fully used in the final system. In addition, 47% of the total energy available is lost during the pyrolysis performed in industrial charcoal kilns, meaning that just 53% of the initial energy is recovered during the process (Barcellos et al., 2004) Theoretically and in laboratory experiments, it is possible to obtain during the carbonization: 30% of liquid, 35% of gases and 35% of charcoal. However, the optimization of these processes is totally related to the used technologies in the production system (Ernsting, 2015) .
Charcoal production in Brazil is widely performed in brick kilns. They are popular denominated as "rabo quente", with cylindrical or rectangular size, and without automated systems, this condition difficult the control of the pyrolysis process. According to Pereira et al. (2011) , most of the technologies employed in this country are performed in type kilns. Charcoal production has low gravimetric yields and high emissions of polluting gases to the environment. Also, the process of burning gases is poorly used in these energy production sectors because of the unfamiliarity with its physical, kinetic and structural implication.
Indeed, the importance of improve the knowledge of the thermal conversion process progress of wood into charcoal is essential for the future energy researches. Likewise, the measure of the total energetic losses during the process will help to indicate the efficiency of the technologies. Hence, for a better approach of the experiments with the real behavior would be employ bigger wood specimens, not just in granulometric scales, since it is known that the Brazilian charcoal industry uses up to 3-meter logs in industrial charcoal kilns with a full capacity of burning 530 m 3 of wood. Therefore, this study aimed to evaluate the mass and energy balance of Eucalyptus urophylla wood in two different moisture contents during the macro-lab scale of the pyrolysis process, regarding a closer simulation of its respective industrial behavior.
MATERIAL AND METHODS

Biomass and specimen preparation
Two cylindrical wood samples of 30 cm of length and 12 cm in diameter of Eucalyptus urophylla clones with six years old, were used. Before the analysis, the samples were drying, one in an oven and the other in an acclimatized chamber until they reach the pre-established moisture content of 0.83 e 13%, respectively.
Pyrolysis process
In the pyrolysis, it was used a Macro ATG oven (Figure 1) , developed by the Center for International Cooperation in Agronomic Research for Development -CIRAD (France) in partnership with the Federal University of Lavras -UFLA (Brazil). This equipment is a prototype of a vertical electric oven with a pyrolysis reactor and load cell connected to a pyroligneous liquid condenser. A gas chromatograph flow meter (490 Micro GC) is coupled to the oven, which chemically identify gases emissions in real-time during the process. The system also allows temperature control, setting heating rate and gas flow vectors. All the process can be checked in the control panel and monitored by a Macro Thermogravimetric software.
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In order to estimate energy balance, it was used the calorific value at the designed moisture contents equations 7 to 11 (Energy (MJ) and equations 12 to 14 (Energy balance (%)), where: 
Pyrolysis conditions
Wood pyrolysis was performed in a nitrogen (N 2 ) gas atmosphere; gas flow of 2,5 NL . min -1 (Normal Lt . min , and final temperature of 500 o C with a residence time of 3h in the highest temperature. Simultaneously, gases emissions were analyzed. In addition, a macro thermogravimetric profile during the thermal decomposition, was recorded.
Mass and energy balance
Wood pyrolysis, charcoal and pyroligneous liquid yields were calculated according to the dry mass of the wood samples. Non-condensable gases (NCG) yield was acquired by two means: one following the subtraction between the charcoal mass yield and condensable gases, considering a total of 100%; and after total gases flow, in which all data were collected by the Macro Thermogravimetric software and estimated by the equations shown in the 1 to 4 (total gases flow (NL . s -1 )), 5 (individual flow of gaseous compounds: M 2 , CH 4 , CO, CO 2 , C 2 M 4 e C 2 H 6 (NL . s -1 )), and 6 (Individual flow of gaseous compounds: H 2 , CH 4 , CO, CO 2 , C 2 H 4 and C 2 H 6 (NL . s 
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RESULTS AND DISCUSSION
Mass and Energy balance
Considering the mass and energy balance, it is possible to verify the outputs yields of charcoal and sub-products after thermochemical conversion of wood. Table 1 shows the behavior of mass and energy during the pyrolysis process. Additionally, in the Table 2 are registered the mean values of wood and charcoal energy.
Mass balance is essential in the development of new equipments and technologies, mainly to contribute, the dimensional structure calculations, based on the full capacity of production, and the design of the material used, based on diverse parameters such as temperature. Another important factor is to quantify not just the primary products, but also sub-products, which can be incorporated in the system to aggregate value during the process. (Chan et. al., 1985; Di Blasi et al., 2000; Valente; Lilles, 1986) . High initial moisture content of wood e.g. >30%, can cause a slow heating rates and consequently, the devolatilization of the charcoal turns into an incomplete process, which reflects in gravimetric yields lower than 30%, characteristic that is not desirable by charcoal industries. According to Arruda (2011) , the gravimetric charcoal yields are usually low, about 23.8% or 28.4%, when it is used raw materials with elevated moisture contents, such as 66% and 48%, respectively.
In the condensable fraction of pyrolysis, it was obtained 42% and 46.5% of yield (Table 3) . It is assumed that the water inside of the wood is responsible for the greatest portion and composition of the pyroligneous acid. The higher the moisture content, the higher is the production of liquor yield. According to Ferreira (2000) , almost 100% of the water contained in the wood is part of the composition of the pyroligneous liquor. According to Wei et al. (2011) , mass balance displays a consistent theoretical base regarding the decision-making on investments and to reduce manufacturing costs. The analysis used balance equations, in which is considered the several generated products during the pyrolysis process. However, there is still not enough information available about all However, a possible moisture effect during the dilution of the NCG (measured) can be visualized in the gases energy values (Table 4) . Wood sample with 0.83% of initial moisture content produced 6% more energetic value compared with 13% of initial moisture content, during the pyrolysis of NCG (measured). Water presence into the wood can influence the dissolution degree of gases emitted during pyrolysis, which means a reduction in its concentration and also affecting the total energy released.
Nearly 53% of the total energy in the process is concentrated in charcoal and 46% remains in the sub-products (Table 3) . Indeed, sub-products are
poorly reused in most of the pyrolysis systems, mainly because of the low-level technology employed in the charcoal industries. There are also energetic losses in the conversion system itself, such as endothermic and exothermic reactions, which happens during the process. This kind of losses are not considered when it is calculated the mass and energy balance. However, according to Raad et al. (2006) they are unavoidable during thermal decomposition of wood.
Mass and energy of non-condensable gases (NCG measured)
There were identified six chemical compounds during the process: hydrogen gas (H 2 ), carbon monoxide (CO), methane (CH 4 ), carbon dioxide (CO 2 ), ethylene (C 2 H 4 ) and ethane (C 2 H 6 ) ( Table 3 and Figure 2 ). The highest gas emission was CO 2 , and the lowest was H 2 . content, it was produced just 36% of energetic gases. Non-energetic gases represent more than 50% of the gaseous compounds emitted during pyrolysis.
In Figure 2 can be observe the compounds flow (H 2 , CO, CH 4 , CO 2 , C 2 H 4 and C 2 H 6 ) during the pyrolysis process of wood. After 120 minutes of pyrolysis ignition, the gas production increase, keeping this rate for about 30 minutes.
The difference in the pyrolysis flux (74.85 and 65.39 NL . h -1 . kg -1 ms ) of the materials is associated with their initial moisture content (0.83% and 13.0%). Wood thermal decomposition increase the release of the bound water, which may cause a decrease in the total flow of gaseous compounds. Table 4 reports that the energetic gases concentration on the pyrolysis of the wood is higher at lower moisture content. Indeed, it shows the effect of water inside the wood considering the production of gases compounds during the pyrolysis process. The presence of water can cause the dilution of the gases and consequently affect the total energy of the pyrolysis. The difference between both energy balances with NCG (measured) shows that the initial moisture content of the wood influences the energetic concentration.
The gaseous compounds flow (Figure 2 ) increase at 120 minutes after pyrolysis ignition. This behavior is related to the depolymerization of structural compounds of wood, mainly cellulose and lignin (Jesus et al., 2015; Pinheiro et al., 2005; Zeng et al., 2015) . This interval range of gas production may also be associated with the chemical transformation of cellulose, being the primary chemical constituent of wood (Anca-Couce, 2016; Yang et al., 2007; Kan et al., 2016; Wang et al., 2017) .
At temperatures below 600 o C, H 2 is little produced and lignin becomes the main compound responsible for the formation of H 2 (Amutio et al., 2012) . Emissions of CO and CO 2 are related to the releases of the groups present in the hemicelluloses (C=O, C-O, C-C) and in the linear polymer chain of cellulose. Furthermore, CO 2 formation is associated with the chemical reactions of decarboxylation and depolymerization, which occur during the secondary reactions of volatile materials (Balat, 2008; Yang et al., 2007; Lin et al., 2009 ).
Thermogravimetric analysis in macro-lab scale
Based on thermogravimetric analysis it was identified the temperatures in which the wood had the highest mass loss during the pyrolysis process. At 280 o C thermal decomposition is more perceptible for the samples containing 0.83% moisture content. For the sample at 13% of moisture content, thermal decomposition was raise after reaching 380 o C ( Figure  3 e Figure 4) . : mass by mass. Table 4 shows the gases energy values. Considering the wood pyrolysis at 0.83% moisture content, it was produced 41.6% of energetic gases, such as H 2 , CO, CH 4 , C 2 H 4 e C 2 H 6 . For wood pyrolysis at 13% of moisture Regarding thermal decomposition of the wood, due to the supply of increasing temperatures, a thermogravimetric analysis was also carried out. The difference between the treatments of the temperature during the wood thermal decomposition was 100 o C, considering the higher influence of heat transfer in the material with low moisture content (Figure 3) . Simultaneously, chemical reactions occur after wood drying, as a result of the heat and mass transfer. Therefore, higher moisture content in the sample center region tends to concentrate significant amount of water. Thus, during the heating process, high temperature and energetic waste increase, and consequently, the thermal conversion of wood into charcoal decrease (Hasan et al., 2017; Missio et al., 2014) .
Perspectives
In Brazil, the siderurgy sector uses significant amounts of charcoal to produce steel. Its large integrated factories and forest plantations, support the high development of the charcoal production and forest maintenance. Brazil stands out internationally in the iron market, being the only country that uses renewable raw material, unlike its competitors that use coke (nonrenewable fuel with high polluting capacity). Currently, the major challenge facing the Brazilian forestry sector, especially in the charcoal area, is to develop technologies to understand the process on a scale similar to those used in large-scale production units, as well as to generate new industrial mechanisms to improve yield and quality of value-added product. Particularly, within the industrial reality where carbonization of significant volumes of wood occurs at relatively low rates, and the difficulty on the implementation of raw materials because parameters such as variable features and large dimensions. As can be seen in Table 3 , in the final pyrolysis balance, besides the charcoal, there are also sub-products with high energetic potential, especially considering the gaseous compounds. Therefore, it is relevant to study the gases flow, especially in Brazil, which does not have a defined burning mechanism yet. From this work, it is suggested to consider the mass balance and flow of energy compounds in further researches of integration and optimization of technologies in both, production and gas burning process, aiming to support the prospects of integrating the productive chain of charcoal.
CONCLUSIONS
This study aimed to understand the mass and energy balance of large cylindrical specimens, which resemble those used in the Brazilian charcoal production units. The process was carried out using an innovative pyrolysis technology, the Macro ATG oven, in which it was verified how the moisture contents (0.83 and 13%) influenced the mass and energy balance of the process, as well as the gas production and quality. It was observed the poor effect of the moisture in the mass and energy balance during the complete process.
The presence of water inside the wood influenced the degree of dissolution of the gases emitted during pyrolysis, which reduced its concentration, flow and affected the total energy released.
There was a higher heat/energy demand in the thermal decomposition of the higher moisture content material.
An amount of 53% of the total energy of the process was concentrated in the main product (charcoal), whereas the other 47% of the remaining energy is concentrated in sub products.
The gas production peak begins 120 minutes after pyrolysis ignition. Meaning that this is probably the best period for burning gases. 
